Introduction 66
Normative models suggest that decision-making requires representing the value of 67 all available options and then selecting the option with the highest absolute value 68 (Samuelson 1947; Luce, 1959; Stephens and Krebs, 1986 ). However, deviations from this 69 ideal are often reported and the relative value of competing alternatives has been shown 70 to strongly modulate choice behavior (Huber et al., 1986 Here, we designed a novel probabilistic binary-choice paradigm in which 92 observers had to select between one of two colored choices associated with different 93 amounts of monetary reward, while simultaneously ignoring a distractor that could 94 capture attention but that could never be selected ('response-irrelevant') and could never 95 yield a reward (Figure 1 ). Importantly, colors assigned to the relevant choices and to the 96 Value-based Attentional Capture and Decision-Making 4 distractor were shuffled across trials such that the color of the distractor on a given trial 97 was previously associated with a reward on preceding trials (see red and blue arrows in 98 Figure 1 ). Across two experiments, human observers make slower and less optimal 99 decisions as the value of the distractor increases. In addition, electroencephalography 100 (EEG) data reveal that increasing distractor value reduces the lateralized difference 101 between the N1 and the N2pc event-related potentials (ERPs) evoked by the two relevant 102
Value-based Attentional Capture and Decision-Making 6 respectively). The relevant choice stimuli were located on the left and right sides of the 155 fixation point, and the distractor stimulus was located directly below the fixation point. 156
All stimuli were equidistant from the fixation point (7.6 o and 17.5 o for Exp1 and Exp2, 157 respectively). Note that we increased the stimulus eccentricity and decreased stimulus 158 size in Exp2 so that we could better isolate lateralized differences in the ERPs. On each 159 trial, a reward was assigned to one of the two choice stimuli such that one them would 160 always yield a reward of 1, 5, or 9 point(s) if it was selected. The stimulus that would 161 yield a reward if selected was termed the baited stimulus. The other choice stimulus was 162 a decoy and yielded 0 points when selected. Thus, there was a 50% probability of 163 obtaining a reward on each trial, but the magnitude of the reward (when received) 164 depended on the color of the selected stimulus. Importantly, the distractor stimulus could 165 capture attention by virtue of the value that was previously associated with its color 166 (Anderson et al., 2011b, Hickey, et al., 2010), but it could never be selected and thus 167 could never yield a reward (i.e. it was response-irrelevant). Every 36 trials (a mini-168 block), different reward magnitudes were assigned to each color. 169
170
There were a total of 54 mini-blocks needed to represent all of the 27 possible 171 color-reward combinations (3 colors with any of the 3 potential reward levels). In each 172 mini-block, there were 6 color-stimulus combinations with 6 trials each (i.e., 173 red/green/blue, green/red/blue, green/blue/red, blue/green/red, blue/red/green, and 174 red/blue/green for left choice stimulus/ middle distractor/ right choice stimulus). Within 175 each mini-block, the order of trial presentation was pseudo-randomized so that the trial 176 sequence was unpredictable and the color of each choice stimulus on the current trial was 177 equally likely to become the distractor color on the following trial (see blue and red 178 arrows in Figure 1 for examples). Note that it was also equally likely that the distractor 179 color stayed the same on consecutive trials. The sequence of mini-blocks was pseudo-180 randomized so that subjects could not predict the color-reward pairings in advance. 181
182
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Each observer participated in a total of 18 experimental blocks (1944 trials), 183 where each block lasted approximately 4 minutes and contained 3 mini-blocks. Subjects 184 were instructed to maintain fixation while deciding between the left and right choice 185 stimuli, and they made their selection by pressing one of two buttons on a keypad with 186 either their right index finger or their right middle finger. 0.3s after the offset of the 187 stimulus array, a feedback display indicating the number of points that subjects earned on 188 that trial appeared for 0.5s followed by a 0.3-0.7s inter-trial interval (ITI). If subjects did 189 not respond before the stimulus array disappeared a '#' sign appeared in the center of the 190 display and no points were awarded. Subjects were told that the reward magnitude 191 associated with each color could change across successive trials and they were 192 encouraged to maximize cumulative points by actively learning the association between 193 colors and reward magnitude. At the end of the study, the points that each subject earned 194 were translated into bonus money (0.1 and 0.2 cents per 1 point for Exp1 and Exp2, 195 respectively). 196
197

Behavioral analysis 198
Trials in which subjects responded faster than 200 ms were discarded from the 199 behavioral and EEG analyses (5.29% of trials ±1.39% standard error of mean [S.E.
M.] in 200
Exp1 and 2.36% of trials ±0.69% S.E.M. in Exp2). We first plotted the probability that 201 subjects selected the right stimulus as a function of the potential reward associated with 202 each choice stimulus as well as the learned value of the response-irrelevant distractor 203 (low, medium, or high; Figure 2A ). Then, we plotted the data as a function of the 204 differential value between the two choice stimuli (right minus left) and distractor value 205 ( Figure 2B ). We used a 2-way repeated-measures ANOVA with within-subject factors 206 for differential choice value (5 levels: -8, -4, 0, 4, and 8 points) and distractor value (3 207 levels: low, medium, and high) to the test for main effects and for an interaction between 208 these two factors on the probability of selecting the right choice stimulus. We then 209 bootstrapped the data for all subjects (resampled subject labels with replacement) to 210 establish 95% confidence intervals (CIs). On each iteration of the bootstrapping 211 procedure, we used MATLAB (fminsearch) to estimate the mean (μ) and the standard 212 deviation (σ) of the cumulative Gaussian function that best fit the choice probability data 213 derived from each distractor value condition. We repeated this resampling and refitting 214
Value-based Attentional Capture and Decision-Making 8 procedure 10,000 times, and removed the mean value across distractor value conditions 215 from each sampling literation to estimate within-subject 95% CIs for all fit parameters. 216
Mean reaction times (RTs), collapsed across left and right choices and across distractor 217 value conditions, were also plotted as a function of distractor value ( Figure 2C) and 218 evaluated using a one-way repeated-measures ANOVA with a factor of distractor value. 219 220 EEG recording, preprocessing and analysis 221
In Exp2, we examined neural modulations with EEG as a second means of testing 222 the impact of distractor value on choice behavior. We first tested the impact of distractors 223 on the amplitude of early lateralized ERPs in posterior-occipital electrodes contralateral 224 and ipsilateral to the selected stimulus (the P1, the N1, and the N2pc components). 225
Previous studies have interpreted modulations of the P1 and N1 components as an index 226 of attentional gain in early visual cortex (e.g., Mangun and Hillyard, 1987; 1988; ; 1995). We then discarded epochs contaminated by residual eye blinks and vertical eye 262 movements (more than ±80-150 µV deviation from zero, with thresholds chosen for each 263 individual subject), horizontal eye movements (more than ±75-100 µV deviation from 264 zero), excessive muscle activity, or drifts using threshold rejection and visual inspection 265 (10.21% of trials ± 1.29% S.E.M.). The artifact-corrected epochs were then sorted based 266 on the hemifield of the selected choice (left or right), the absolute diffential value of the 267 selected and unselected choices (low, medium, or high), and then on the value of the 268 response-irrelevant distractor (low, medium, or high). ERPs were then caculated in each 269 of the resulting 18 condition bins using standard signal averaging procedures. Note that in 270
Exp2 we collapsed across positive and negative differential choice values because we 271 obtained an EEG measurement related to both stimuli on every trial. Thus, there were 272 only 3 levels of differential choice value in Exp2 as opposed to 5 levels in Exp1 (i.e. in 273
Exp1 we had levels of -8, -4, 0, 4, and 8 points). 274
We then examined the impact of distractor value on the lateralized ERPs recorded 275 from posterior-occipital sites (PO3, P3, and P5, for the left hemisphere and PO4, P4, and 276 P6 the right hemisphere), where the distractor value effect were maximal. We compared 277
Value-based Attentional Capture and Decision-Making 10 the mean differential amplitude between ERPs contralateral and ipsilateral to the selected 278 choice stimulus as a function of the differential value between the two choice stimuli and 279 the value of the distractor. This comparison was carried out across three temporal 280 windows: from 100-125ms (P1), from 160-185ms (N1), and from 215-300ms (N2Pc). 281
For each of these ERP components, we used a 2-way repeated-measures ANOVA with 282 factors for the differential value between the two choice stimuli (3 levels: low, medium, 283 and high) and distractor value (3 levels: low, medium, and high) to evaluate the influence 284 of these two factors on the amplitude of the lateralized difference components. In 285 addition, we defined the amplitude of the LPD component as the average response from 286 300-500ms post-stimulus in centropareital electrodes (Cp1, CpZ, Cp2). A two-way 287 repeated-measures ANOVA with factors for differential choice value and distractor value 288 was used to evaluate modulations of LPD amplitude. 289
290
Results 291
The value of a task-irrelevant distractor interferes with choice behavior and increases 292 reaction times 293
In both experiments, subjects exhibit a significant bias to select higher-valued 294 choices over lower-valued choices (Figure 2A-B) . This bias gives rise to a significant 295 main effect of differential choice value (right minus left choice values) on the probability 296 of choosing the right choice (% right choices) in both Exp1 (F(4, 108) = 27.99, p < 297 0.0001) and Exp2 (F(4, 100) = 68.31, p<0.0001). Importantly, this bias towards the 298 higher-valued choice decreases as the value associated with the response-irrelevant 299 distractor increases, leading to a significant interaction between differential choice value 300 and distractor value in both Exp1 (F(8, 216) = 3.14, p = 0.0022) and Exp2 (F(8, 200) = 301 3.47, p = 0.00091). We then fit a cumulative Gaussian function to the behavioral data for 302 each distractor value condition to estimate the standard deviation (σ) and the mean (μ) of 303 the underlying function (where the σ parameter determines the slope of the function and 304 the μ parameter determines horizontal position; see Table 1 for statistics and CIs). Across 305 the two experiments, σ increases as a function of increasing distractor value (i.e. the slope 306 of the best fitting cumulative Gaussian decreases). In Exp1, μ does not differ across 307 distractor value conditions, indicating that there is no overall preference for the left or 308 right stimulus. However, in Exp2 there is a slight bias to respond to the left choice. 309
Value-based Attentional Capture and Decision-Making 11 Similar response biases have been observed in a previous study (Louie et al., 2013) ; 310 however, as in the present study, these biases seem to vary idiosyncratically across 311 subjects/groups. 312
In addition, RTs significantly increases as a function of distractor value in both 313 Exp1 (F(2, 54) = 9.57, p = 0.00028) and Exp2 (F(2, 50) = 12.44, p < 0.0001; see Figure  314 2C). Auxiliary analyses also demonstrate that subjects gradually learned the values 315 associated with each color within the first 6 trials of a mini-session, and the magnitude of 316 these decision biases increases over the course of each mini-block (see Figure 3 and 317 Table 2 for results and statistics). The influence of distractor value on decision biases 318 (i.e., the interaction between distractor value and differential choice value) and RTs 319 emerges later (within the first 12 trials). Overall, the behavioral data from Exp1 and Exp2 320 suggest that even though the distractor is neither relevant nor available for selection, the 321 learned value associated with the distractor color systematically captures attention and 322 leads to less optimal and slower decisions. 
00086). 383
There is no main effect of distractor value across the P1 window (F(2, 50) = 1.97, p = 384 0.15). Together, significant modulations of the lateralized N1 and N2pc components 385 suggest that distractor value interferes with the early processing of choice stimuli 386 (indexed by the modulation of the N1), and draws spatial attention away from the 387 relevant choices (indexed by the modulation of the N2pc). normalize the differential value of the other two stimuli and decision-making will be less 459
consistent. 460 461
The present observation that increased distractor value leads to less efficient 462 decision-making and attenuated ERP responses is consistent with divisive normalization. 463
However, there are several differences between the present task and tasks used in past 464 studies that support value-based normalization models (e.g., Louie et al. 2011; 465 Value-based Attentional Capture and Decision-Making 20 Hunt et al., 2014) . First, we used a binary choice task instead of a ternary choice task in 466 which all three stimuli could be selected by the observer. This design change allowed us 467 to selectively examine the impact of attentional capture by a response-irrelevant 468 distractor. Second, the current task had a shorter response window and less predictable 469 reward rates (i.e. a 50% probability of reward combined with a change in the association 470 between reward and color every 36 trials). This speed pressure and increase in 471 uncertainty may have led subjects to adopt a fundamentally different strategy than in 472 previous experiments (e.g., Louie et al. 2011; Hunt et al., 2014) . We view this as 473 unlikely, however, as subjects learned the value that was associated with each color 474 within the first 6 trials following a change (Figure 3) . Thus, even though our 475 experimental design differed somewhat compared to previous studies, our behavioral data 476 suggest that distractor value has an impact on decision-making in a manner that is 
